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(57) Abstract: A communication device 
comprising a turbo encoder (1) for performing 
a turbo-oicoding on Ihe lower two bits of 
transmission data to thereby output 2-bit 
information bits and 2-bit redundancy bits 
having a uniform error correction capability 
for each infonnation bit, turbo decoders (first 
decoder (11), second decoder (15), etc.) for 
performing a soft judging on the lower two bits 
of a reception signal likely to be deteriorated 
in characteristics and performing an error 
correction by means of a Reed-Solomon 
code to thereby estimate the lower two-bit 
infomiation bits, and a third judging unit (22) 
for performing a hard judging on the otho* bits 
in the reception signal to thereby estimate the 
other higher bits. 
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1 



^ ^0 § 



5 ^m^m 

-f^ t«75T-fc>9 , DMT (Discrete Multi Tone) ^«lli>^^-^0 F DM ( 

Orthogonal Frequency Division Multiplex) ^mW^:^^^\ZX *) > gEl^<7)iiftlHl 

15 

i^AT. ^^e3*E03i^t:^&l::o^^T^§g■t-5o tzt^l^. SS (Spread Spectrum 
) :^^^^V^fci£^l|cCDMA (W-CDMA : Code Division Multiple Access 

%^-t-|lT'fco„ Mem (a) t;i^oU^T. 1 0 1 IltfffR^?iJ5:ajZv^??#<bLT 
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2 



V -y<X'h 9 ^ 1 0 3 fi>f >^ y 1 0 2 i t> AtL#x.'#Olt#^?.j^aii 

n^^xm\.^t^^n^^ >^ ]) ^.<i 0 2xit. mm^'y h^^u^^^^^icAn 

-LlB(^<tp^;l«^$^5^?-;^:^^^^x♦fl. mmiz. mnt:y hm^v. x,t. 

1 4{i^>^y-.<cTfct). 1 1 sit^mm^: y.t^mm^: y^tt^i^n^ 
iii:m2(Dm^mi i 5(Dtiitj^^]^\^xyi<Dmn\fy h^^ii(Dmmm^mti-r^ 

^Sm-i-: y,,^^ftft^: y,,;?)^e>m^$tL5Jt^tf$gf> h : x,,'(Ol^^±^ 
x,k') li. UT(Dj:t>l:im:'rzt7!>^X'^^, 



.1' 
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MXik)=yik-*-La(x,K)+Le(x,J 

*Ln — ( 1 ) 

5 

7^*3. Le (xj Ji^gUI^^^^U. La (xj It 1 OBu<D^$Bit^T-fc5 

*suitfa*^L. p, (x„=i I {Y} )• ft. ^mm-^o^;^2?u {y} ^stt^ 

= 0 I {Y} ) (t. ^^^ij {Y} ^§:tt5jofc^#T-, ^ggtcSlfi^^nfcitfgt' 
10 5^ h : x,k*S0T'fcS5fe^^^-ro i-'itt)*,. (1) 5a:T-H. 1t#t*y h : x,k 

Ml 1 5l::>fti-5:{1-SlJif#Sr^aii-S„ ^l-gBlf ^ : L e (x„) It. -LIS (1) 
^(;iS-:5vNT. i^T<^J: plc^-r- tiST't5„ 
15 L e (x ,k) = L (x ,k ' ) — y L a (x ,k) •• (2) 

/c^cU. llH]@(0^#{;i:JolN-C{t. »BU^f^/6^:*^^)^ttTV^/^v^f;:*^>. La ( 
x,k) =0T-fc5o 

Le (x,k) Si-fSff : y aOHt^JfclfciDitSf::^)^. m-i-<^3fe'<#^?r^T 9 o 
20 ^ LT, ^ 2 <0«-§-^ 115 T'li. ^ 1 O'it^fg lilt I^mtd. grttm-^ : y , 

ys. *3^r/$fe{;i^£tSbT*3l>/c^^if^ : Le (x„) l;lS•^^^T. 
*f^*|gJt : L (x,k') ^:^itJ-t-5o ^O^. »n^M 1 1 6T-tt. :tin^§l 1 1 
2tlll«tC. (2) ^S^ffi^^T. ;J1^$|Si^# : L e (xj ^^^itJ-TSo 

y-7'1 1 1 \Z.X^^m7LhM'^^^>^m-t. Vluit : La (x„) 
25 t UTBOiami <7)m-i-^l 1 1 ICT'^- hV<2/:J^ $tt-5c 
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0 0 0-1 1 1 1 : 4 t:-> h^...,;.^ U->b » iz^l^X. 2 5 6 QAMX^ 

mmmxii. ^mt\zm\^x^^^i^x'd^^^^^a^^^^^,i^^^:^^ 

izm-<Dm^mi6xxj^mmm\zfj:^xL-t^. t^^^ommt'^h^tz. 
^¥iBm. ±mz^:^xf^^tit,i,a,x^^x. -^^i^^^^vr^mim:^^^ 
vTmmm:)j^:S:m^^tz^^x<Dmm\zmm^nt I., ^mt 
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BUSB2 t'ty h(7)1t^K'«:x >^3?|J^, etflS 2 tf h (75^t$S t' h 

h^^ijir^i cD7i:«k'-/ h^j^fji^ttmL. ^(Di^tau^t. mmmnt\^x-^ 

10 ^1t^$r^£bi-S^ 1 im 1 (O^^^-^ 1 1 . *D^^ 12. ^ y - 

1 8. ^2Oit^lJ^S5 2 0{w11^) ir. hm3?'Jlc:5tif LT^ 

V^T. BtIISm^^tT.fcl> i:OT{a:2 t':y h<7)tf^k'5/ h^3?iJlc:^LT|g«9IT:E^ 
fir^^»3n^^ (^1 t^RXST^^ — tS^l 9. ^ 2 <DR/ S x =« — 2 ICl^ 

±.&\L'y hCDtt^tf-;/ H?^?iJ^m^'i-^^2(7:)jt^#^ (^3<7)4^1J^^2 2(c:*i 
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n^nm-r^mi<Dm^^^t. ^t^iz. nmi^^y }^<omn^.^^y hmmtmz 

^€^^mizt>^t^:5mmmwzi6i^x. mmm^tijEmMjkizh^xit. wiut 

<om^^.^^^^<Dmmmmizmr$i^xmm^titzmni^'^y h?^nt. mu^2(D 
^^^^^^^^(ommmmizm^^^xmm^titcmm\^'^yhm^iit. com^iz ro. 
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ZblzX'O. W}t5.2\fyh(Dmn\i'yh7f.mt. tuSE2 t'y hcDlffg t'-^ h^3?ij 
^fi£$tt?)m2 07i::S:t':j' h^^iji:. ^mtl-r^f'^-^n^it:^'ryyt. S:(t 

1 (0^iM-^:^'ryZf\znLXZ7^ — h'y<y^-r^m2(om-^:^'ryyt. ^9iSL 
H^f ^tL5. «tIIEIIl*5j:UJm2(D'«-^;^7^5/7'lc:*3lt5)5fe^1t^<^^tiJ*Q:S^ 
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8 

TT^-rmx-hKi. m2mii. ^?^^^izt)-i^^mmmm.(Dmmm<Dm^^7jk-tmxh 
K). ^sufi. ^^m[zt^t^:^mf^m(D^\t^<Dm^^7f:-rmx^<o . ^^m 

25 mimit. '^^(^^ -^^m^^comi^^Tf-.^mxi^ho 



wo 01/48928 



PCT/JPOQ/08826 



9 

{::*3ft5iRF#^o^^^:^i-IllT-fc«9. ^1® (b) i^:^mM(D^miz^i-f 
fct). tit^iS.. ^ -yf-W-^^ 1 xn. 2 t'^/ hoit^t'^;/ hoA;^t->pj-bT, 

20 ^im (b) (^m■^^^;l*3v^T. 1 1 ii^mm^ : Ley (mxEfo^m 

mfi-^:Lcy «^x!i<7)^ftft-^ : y,, y„ ytt::^^) 7b^hn^:tmit^mii 

-r^^2(D'^^mx-h^ . \ lixv'^ V -y<xh^ . i s i (^m-^^gg i 

^l<r>R/S=f^-^Xlh^ . 2 0 {±m 2 O^-i-fl 1 5 0iil:^^*lJ^LT5t(Dffi 
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mm(Dm:^mi^^m-mizm-5i^xf^mzm.m't^. itt^i^. dmt (Discrete 

MultiTone) mmm:)^^^ mi-X . ^-^ii^t^0 9;^^^X-<i^i?yUiim;^^ 

9 ADSL (Asymmetric Digital Subscriber Line) fciU^HDS 
L (high-bit-rate Digital Subscriber Line) iift:;^^^^ x D S Liim:^^/!)^ 
fcSo ''i*5> ro:Sr^ll. AN SI (DTI. 4 1 3^{C^3V^T:^^p'fb$tLTV^5„ 

^OMUX/SYNC CONTROL {ClB^} 4 1{CT#a{bU. ^fi-fb ^ ;n,fc3^'(tx- ^ 
LTi^>1' ^ y })V>^>'>^^^y^ (CRC : Cyclic redundancy check 

i^nm) 4 2. 4 3izxm'o^ii^m='-v^muL. $e>tz. 7;i-!7-Kai7- 

= l-^v^3> (SCRAM&FEC{Z:ra^) 4 4. 4 5 iZX F E C m=' - h'<Dmiii-3 XUy^ 

4 9t;iM5^T-tC{t2 0(7)M{?SdSfe«9, V -Zf (INTERLEAVE) 4 6 

ii^^±ir\.^^>f^)-ZfYy''-'$'y<-yyT (Interleaved Data Buff er) MSgTfc 
•3. ^^-::^«-r><5'y-:7-^^^/^VN:7T-^ h7=^-^/<o,7T (Fast Data 
Buffer) iiSgT'fct). C^-CJi. ^ '-^ ^ V -Zf^m.^^^ o ^ }) -Zf Yv"-^ 

•^^J^m. i^fsT"— ^li. U— Kr3>y<— ^ (RATE-CONVERTGRtC^g^) 4 7 . 4 
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8 t;::-C h = W<— hmm^n\^\ h — l^:t—^V >y (TONE ORDERRINGJd^S 

(CONSTELLATION AND GAIN SCALLNGlC^i^) 5 OlZX='>':^^ I >3 

5 ^^f^fi£Lx jS!i^5i7— y 3i^^$|5 (IFFT : Inverse Fast Fourier transforraJZL 
ffi^) 5 l(Z-rjSftJ^)i7-yai^^$rtffe>. 

h/-?^ U'7l'/'->y T>'U^^>y:7T (INPUT PARALLEL/SERIAL 

BUFFERd^a^) 5 2ic-T:7— y 3^^t^^<^y-?7 u/v-r— i^^i^y 

^U. T-^a v^^yi — T:^^ ^ (ANALOG 

10 PROCESSING AND DAClCffi^) 5 3 tCTf^^ i^^/l'St?^^T-^a ^j^jH^tZl^^ 

^>'i/'i^://T:^o ^'—r^ i;?^ 71^=3 ^'x^—^ ( 13 ^<7>ANAL0G PROCESSING AND ADC 
miZ^WiV. ^-^ J^Y?^-< =t=7^-^ (T-EQtCtS^) 1 4 2 {ilTB^fP^^^Oilit, 

//<=7\^fV/'^yyT (INPUT SERIAL / PARALLEL BUFFERl-^S^) 1 4 Sl^Tv^D 

— y ^^^^H5 (FFT : Fast Fourier transformCfB^) 14 4 l-TJ^jt^— y 
^^fTV\ ^O^. ^ig[|S:K;^-r ^^a^-fif (FEQtC+i^) l 4 5 iZT^iS^fl 

25 l^— 'y 3 >-r = — ^/f^ :y:7.^—}):yif (CONSTELUTION DECODER AND GAIN 
SCALLNGJw^a ^) 146fcJ:t;fh — ^ y ^ (TONE 0RDERRING(3tB ^ ) 3 4 



wo 01/48928 



PCT/JPOO/08826 



12 

i^VT/l'v'-i^izm^^tl^. ^O^. U—h=i:^y<~-^ (RATE-CONVERTORtC*B 
m) 1 4 8, 1 4 9 CI J: S l^— h = hmm. -r-f >^ V — :/ (DEINTERLEAVE 

iznm) 1 5 OlZX^v"^ l^'f' ]}—y^m. :7;t-T7- Krc^^n, Ui?«/3 ( 
DESCR/VM&FEC{;:11^) 15 1, 15 2 \Z J: ^ F E cmm^ ^XJ^v" 9 >^zfjl^!f!im 
5 . *3i:U^■!^-< :^ y y i?'* 31 (cyclic redundancy check {C^g^ 

) 1 5 3, 1 5 4iz:^^m^KM:m^m<Dfiiimimi:>ti. mim&^iz'^/\^'^zfuy 

^ =1 > h D— /I' (MUX/SYNC CONTROLictaS) 15 5 ■h^h^\%^—^ ii^'^ 

-hlE^OJ: p ^;l1llfi£$i^5il^ti^a^cioV^T^±, B 1 HI (a) {^1:^1-^?-^ 
15 5 otc-liaMft^ix. ^lEI (b) ic:^'t-tg^^-ds; ±l5^m^{wio{t5 = :^;=^ 

iS:^®lzU:rc7!f5oXI^*ni{::UL§gi-S. ^T. miH (a) {:i^i-??-i-§§(Diij-f^{z 
OV^T|^^^-r5c ^j:*^, 3}s:^J£<^?i^®T-{i. ^fitiffS^^il'i^^ (QAM: Quadrature 
20 Amplitude Modulation) i: LT. fc^;t{^. 1 6 Q AM^^-^^Siffi-f-^o :^fc. 

^'Ift^m^ t m^j: K) . IglHI (a) IZTjk-rXoiZ. ^2 t-^/ h(DA;^7^ 
Idtt, 11411 (a) ;&S411PSK (Phase Shift Keying) :^^(Om-^MMJM.X'h 
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9, (b) ;&s 1 6 QAM:^^(^if-^,^.iEST-fc«9 . ( c ) 6 4 Q AMlJ^^C^m 

(^4ia (a) (b) (c) ^^:fct^Tt>.^^t^§^,#acftt)iav^4^.^0 
T{£2 (0, 0) (0. 1) (1, 0) (1, 1) T-fcSr i:2iSi:>d- 

^sirit^sLT. mnA^^m\^wm-r^:Lht^X'^ho 
25 3 i(Dt&mizxy) mummy"- '^^n-witLtzK^r—^ - n.t. m2(Dnm^^ 
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14 

^ 2 0^!f§6<)«a^:!giZ.^^-§-^tS 3 4 {;i*5{t S^l^j^Jn^^ 6 3 {rA;^L. 
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15 

3> 72. yi. y.' yb^i^ ^ti^tit(i^^mM<Dtiit> - u^, ua, uj. u„ u„ 

*-r. Sftft-^Lcy : y,2. y„ y,, y t^SiJtffilofc^S' -T^ffi-i-^T-fi. ^ 
-r. ^mm-^h c y : y^, y„ y,2rJS£tJL. Clt^bOS 

y Xi^ : Maximum A-Posteriori) d^ffi V> w i: t d^^V^ 

Muik-)-Lcy+La(uik)+Le(Uin) 
15 " Pr(UiK-0|{LcyD 



. M"2k')=Lcy+La{U2k)+Le(U2k) 

. P'"<"2k°i i(i-cyl) 

"Ln ^ ( 4 ) 

20 Pr(U2k=0||Lcy}) 



^j:ib\ :2^^^£<^?^^^^|{::*3V^T. Le (u,J , Le (u^) tt^SPit^^^L. 
La (uj , La (u.^) ft 1 o^(^^gBlt^-Cfo5*«tI1f #2:^ L, P, (u,i 
= 1 I {Ley} ) ^{tm^Lcy : y^, y„ y ,^S:ltlXo fc^^^t^T'. M 
25 l^miilit^nfctf^t'^/ h : UjfcdS 1 T-foS*"m«i^=^^L. P, (u,k=0 I {L 
c y} ) ti. u„*5 0T'fc5»^?fil^^^L. P, (u,,= l | { L c y ) ) fi. S 
(fffi-^Lcy : y,. y„ y ,^^nn^fz.^i:^X\ ^|J?J;ii*{t ^Hfcffi ^ t' :y h 
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: U2,d5lT*fcS^^?«^^^L. P, (uj,= 0 I {Ley} ) u^ib^Q-X^h 
5*.^?ii^Sr^-r„ •tti:iz>ib. (3) (4) ^"Cfi, U2,t^0X'h^mmzn-t 

5 ot'tc. in^^ii 2T-{i, mmutiif^^x'$,^M^±mit7!>-^. m2(om^u 

1 5lc^ti-5^giSlf#Sr^aii-5o Le (uj . Le (u^,) tt. _L 

IS (3) (4) ^{;iS-c5V>T. UT(D:^o\^m:-r^hr''X'^^, 

L e (u,t) ==L (u,,') -L c y-L a (ujk) -■ (5) 

Le (u2k) =L (usfc') -Ley-La (u^) (6) 
10 /cfcU. ll5Jg<7)^-^{;l*5V^TIt, :*«utff*dS**!)btLTV>/iVN^fe. La ( 
Ujk) =0, La (ujk) =0-efc5„ 
oric. ^^-^^ 3i3j;t>'l 4T-ii. Sritm^L c y ^:^$I5iffg : L e 

(u,,) , Le (uj i:i^LT{t.-^(OM-<^=;t^tT9o ^LT. ^2 (^^-^§11 
5T'fl. miom^^l i^IrI^II::. S^tm^Lcy. J:U^3feJ;:^ffi LT*3^^ 
15 fc**u1t^:La (u,fc) , La (u^^) {;iS-:5l>T. (3) (4) 

:t^it:L (u,,') , L (u,,') ^^abi-rs. 7^.^*5. d r -m.. P, (u,k=l 
I (Ley) ) li. §:^l{t-^Lcy : yj, y,, y,.^§:JtffXofc^#T%^|^,j:i 
3tft^tLyctS#t'-> h : u„dJlT'fo5^^?ife^^^L. P, (u,,= 0| {Ley 

} ) \t. M,,t^o-Qh^mkmm^^i,. p, (u2,= i i {Ley} ) (1. smft 

20 -i-L c y : y^, y„ y ,^S{t^o/c^^4^T% ^I^JCi||ft$;JX/t1t^ t'^/ h : u^, 
:dSlT'fc5»^?i^^^L. P, (U2,= 0 I {Ley} ) fi, n^^t^OX^h^W^ 

^(D^^. um^i er-n. tun^i 2 tmmz^ (5) (6) ^^ffii.>T, ^ 

$|Jtt^ : L e (u,J , Le (u.^) ^rSffi-To., •7^-1' 1) — 1 7 

25 {CTa&-<#;t^n/c^K$Ptf$g{i. VSulf $R : L a (u„) , La (u^,) ^ LT, 

tuiam 1 1 1 {w 7 ^ — hv< ^ $ ttSc 

^LT. -Liars'— /f'^-^ST'l^. JtlE*Q;31^, m^<0]Bi^ (-C X U— i^a ^Ie] 
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*IJ^-t-So TttiS. lRl^f^§:ffii-5S{tft#L c y : y,. y 4-••lCoV^Ttt, 
10 Hi <7)R/s-r=? — y 1 9*;J:tJ?m2<^R/Sx=i — ;5^2 1 T-fi, m 

15 w^T-, m 1<7DR/S7^=i-^1 9^oJ;U^^20R/S7^=' — ^2 1 t 
- i:(^i^«T'-^<^*t^;^iii^:Br(*:^!){c:Ufc;6SoTm?g-t-So ^^X\t. McWmt 
LT. 3o<o:fy&4rfolf So HlO^j&irUTfi. fLtX\t. Bl<^45J^fll8 

(D^/Sf^ — '^ 1 ^ . •^fMm2<D'R/ S'T^^ — -^ 2ltK ^St^^^— 
^fc. W>2(0^^^t\.X\t. W,l(On-^mi 8%fz\t.%2(Dn-^^2Q\Z.Xh 

25 ^toe^ftT'— t?dsit^$tL5fe{w. >ct/??-r5Hi t^R/sx^-y 1 9. %tz.\-t 
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sy'=i-y2i^m^^xmm7'—^^m^i-^^t\zx<o. ^^i^—i^^ i^^w. 
■^\&m-r^ ^ ^ i'^x^\ tinA<D0\^^i^m^ti!^mi^xv'^(D^mmm^^hizm 

20 S ( y — K y D ^ » , -^teOJK^t^^ »p |TJE??-^# Wffl J: <9 . -gtLfc 
eg^^To/cdK wixlcPS^-f, ^c^toco'^H:;^^ (2 5 6 QAM^) ^m^^^fcm 
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19 

^$nfc1f#t*y h^3?iJi:. OM:^i;i>t^LT r3i7-;jS7tci,Nj tmWi\^f:LmmX\ 
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20 

10 iv^e>^m^^-rso 

^^(r>'?tm\-^^in\t. m^tllE:^'rv:r\:LX. ^^^^i^$ttfc^t^ t'^y h^^ij 

25 ^i-^e 
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22 

m ^ (o m 

15 1 0=a^^^t^ii^i-Sll2 0^-^^^i:. 
25 %{i^5^i:tri^mi:i-5fimi^®„ 



2. Htjia^'9lT]E#^t-fcoTll. 



# • 
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5 3. BuiS^«PfTE^^tc:fcoTll. 

1 o^t#^^iwii*oi-5m2(7)m-i-^St. 
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24 

10 
15 

7. BulB^'9fTIE#liJ:CfooTli, 

l5^2 0^t-^#l5:*-e>(D?^^tt^t;iS^iNTtfli^$ixfctt#t'5/ K^^iJi:. (OWi 
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